Can Therapeutic Ultrasound Accurately Detect Bone Stress Injuries in Athletes?
Papalada A, Malliaropoulos N, Tsitas K, et al. Ultrasound as a primary evaluation tool of bone stress injuries in elite track and field athletes. Am J Sports Med. 2012;40:915-919. Objective: To evaluate therapeutic ultrasound (TUS) for the primary detection of bone stress injuries in symptomatic elite track and field athletes.
Design: Comparison of TUS with magnetic resonance imaging (MRI) as the diagnostic standard. Both the symptomatic and the nonsymptomatic lower extremity were examined. Setting: From 2000 to 2010, 113 elite track and field athletes were assessed at a sport medicine center in Greece. Patients: Athletes with a clinically suspected bone stress injury, that is, unilateral exercise-induced lower extremity pain of ,1 months duration that improved with rest, with tenderness limited to a focal area, and with no history of trauma, who were diagnosed by a single sport medicine physician, were eligible. Exclusion criteria were suspected muscle strain, tendinopathy, compartment syndrome, or low back pain. The mean age of the 113 patients was 20 years and 53% were women. Description of Test and Diagnostic Standard: One physical therapist used a high-resolution Sonopuls 434 (Enraf-Nonius, Rotterdam, the Netherlands) device to perform TUS (the test) on the symptomatic area of the lower extremity, at an intensity of 2.00 W/cm 2 and a frequency of 1 MHz, with the most symptomatic point spotted for 30 seconds, at reduced intensity if there was pain. The results were classified as no pain (negative) or pain (positive). A Tesla system with a 1.5-T scanner was used to perform MRI (the diagnostic standard). Axial and coronal images were obtained by a protocol that facilitated the assessment of periosteal and bone marrow edema. Bone stress was graded 0 (normal appearance), 1 to 3 (increasing severity of edema), or 4 (visible fracture line on MRI). The images were read in random order by 1 musculoskeletal radiologist blinded to clinical and TUS findings. Grades 1 to 4 constituted a bone stress injury. The TUS and MRI examinations were performed ,1 month after the onset of the patients' symptoms, with the time interval between TUS and MRI, 0 to 4 days. Main Outcome Measures: The primary outcome measures were sensitivity, specificity, and positive and negative predictive values for TUS in comparison with MRI results. Main Results: Grades 0 to 4 bone stress injuries were identified by MRI in 3, 12, 15, 77, and 6 patients, respectively, with multiple injuries in 5 of the 113 athletes. At TUS, no injury was found in 22 of 113 patients; 2 with grade 0 injuries, 8 with grade 1, 8 with grade 2, and 4 with grade 3 injuries on MRI. Sensitivity of TUS for the presence of a bone stress injury was 82% overall but 44% for grades 1 and 2 injuries. Specificity was 67%, positive predictive value was 99%, negative predictive value was 13%, and overall accuracy was 81%. In contralateral testing of the uninjured leg, MRI identified 1 grade 1 injury and TUS found 3 positive results. Conclusions: The authors reported that therapeutic ultrasound tested against MRI findings, had high accuracy in identifying grades 3 and 4 bone stress injuries of the lower extremity, but its sensitivity was poor for less severe injuries. There were too few patients without stress injuries to validly test the specificity of TUS.
COMMENTARY
Bone stress injuries are problematic from 2 perspectives. First, they are often painful enough to limit or halt athletic performance and require a period of rest to resolve, and second, the amount of rest required cannot be predicted because injury severity cannot be reliably determined from existing systems of clinical or radiological grading. 1 The attempt of Papalada et al to identify a reliable diagnostic tool for bone stress injuries is clinically important because both diagnostic false negatives and false positives can be disastrous for elite performance, by either placing athletes at risk of increasing the severity of injury or by needlessly disrupting training at critical times.
Diagnostic cohort studies of bone stress injuries are inherently challenging because of a relatively low incidence of injury. The authors approached the problem by recruiting participants with a heterogeneous sample of bone stress injuries. However, this approach does not account for the likelihood that some anatomical locations (eg, the navicular) will be more sensitive to TUS than others (eg, the femur). Previous reports suggest that when single location bone stress injuries are examined, ultrasound can have very low diagnostic sensitivity and specificity. 2, 3 It may be that grouping different injury sites for analysis may actually obscure individually favorable applications.
The authors adopted MRI as the gold standard for comparison with TUS, but they interpreted the MRI grading system that they used relatively loosely. 4 The inclusion of bone marrow edema as a characteristic of grade 1 bone stress injury differs from Fredericson's original system (Fredericson's definition is "Mild-to-moderate periosteal edema on T2-weighted images only, with no focal bone marrow abnormality" 4 versus Papalada's "periosteal and bone marrow edema.") The authors also do not mention that Fredericson's system was developed specifically for tibial stress injuries. For these reasons, their analyses of TUS outcomes in relation to MRI severity grades are difficult to interpret.
The conclusion of Papalada et al that ".TUS is a reliable, reproducible procedure, easy to perform in an office setup or at the pitch side" is not entirely representative of the nearly 20% of false negatives reported nor the particularly poor sensitivity of TUS for lowgrade injuries. Although the data, as collected, are insufficient to support the authors' conclusions, the appealing cost and utility of TUS justifies further investigation. Of particular clinical significance, however, is the elephant in the room-the fact that the TUS procedure is based on producing pain at the site of injury, whereas other diagnostic imaging modalities are essentially painless. Patient feedback with respect to test acceptability will be an important outcome measure in future work.
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Cold Water Immersion to Improve Postexercise Recovery: A Meta-Analysis
Leeder J, Gissane C, van Someren K, Gregson W. Cold water immersion and recovery from strenuous exercise: a meta-analysis. Br J Sports Med. 2012;46:233-240. Objective: To review the efficacy of cold water immersion (CWI) in increasing the rate of recovery in athletes, after the physiological stress of eccentric and high-intensity exercise. Data Sources: MEDLINE (PubMed), SPORTDiscus, and ISI Web of Knowledge were searched up to May 2010, using combinations of CWI, ice bath, recovery strategy, recovery modality, and exercise-induced muscle damage. Reference lists of all the retrieved articles were examined for further relevant studies. Study Selection: Criteria for inclusion were a randomized controlled trial; $1 of 4 specifically selected outcomes was reported; the outcomes were measured at 24, 48, 72, or 96 hours after the exercise; CWI was applied within 1 hour of exercise and could be repeated on subsequent days; and the participants were men or women of any level of exercise training. The 4 outcome measures were muscle power, muscle strength (knee extension or elbow flexion), muscle soreness (DOMS--as perceived by the participant), and venous or capillary creatine kinase (CK). Studies were excluded if there were insufficient data to report an effect size, or if there were interventions that did not allow assessment of the effects of CWI alone. Of 7193 records obtained by the searches, 14 studies were selected. Data Extraction: Details of the study participants, the CWI interventions, the outcome measures, and the results were systematically recorded. Weighted effect sizes were calculated (Hedges g) and pooled. Some data were extrapolated; thus, risk of bias was calculated.
Main Results: The total number of participants was 239 (mean age, 23 years; 76% men). Their level of physical activity ranged from untrained to elite athletes. None of the studies effectively blinded the participants to group assignment. Studies measuring the restoration of muscle power after CWI compared with control (3 studies including 9 time-point measurements) showed a pooled effect size of 0.597 (95% confidence interval [CI], 0.320-0.875), with positive effects at 24, 48, and 72 hours after exercise. Studies measuring muscle strength after CWI compared with control (8 studies including 24 time-point measurements) showed a nonsignificant pooled effect size of 0.134 (95% CI, -0.041 to 0.308), with conflicting results among studies at each time point. Studies measuring the effects on DOMS after CWI compared with control (13 studies with 40 time-point measurements) showed a moderate pooled effect size of 0.525 (95% CI, 0.383-0.668), with positive effects at 24, 48, 72, and 96 hours after exercise. Cold water immersion was effective in alleviating DOMS after high-intensity exercise at 24 and 48 hours, as well as at 48 hours after eccentric exercise. Studies measuring postexercise CK in the blood after CWI compared with control (7 studies including 22 time-point measurements) showed a small pooled effect size of 0.221 (95% CI, 0.032-0.410), with few significant results at any time point. Conclusions: Pooled results of 14 studies suggested that CWI may be effective in reducing muscle soreness in the first 96 hours after exercise, especially after high-intensity exercise. Cold water immersion improved recovery of explosive muscle power but not muscle strength. It may reduce the efflux of CK slightly. 
COMMENTARY
